







ɌȿɏɇɈɅɈȽɂȳȺ ɇȺ ɉɈȾɁȿɆɇȺ ɂ ɉɈȼɊɒɂɇɋɄȺ 
















IX ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺȵȿ ɋɈ 
ɆȿЃɍɇȺɊɈȾɇɈ ɍɑȿɋɌȼɈ 
 
  ɉɈȾȿɄɋ – ɉɈȼȿɄɋ ’16 




Ɂɛɨɪɧɢɤ ɧɚ ɬɪɭɞɨɜɢ: 




Ɂɞɪɭɠɟɧɢɟ ɧɚ ɪɭɞɚɪɫɤɢ ɢ ɝɟɨɥɨɲɤɢ ɢɧɠɟɧɟɪɢ ɧɚ Ɋɟɩɭɛɥɢɤɚ Ɇɚɤɟɞɨɧɢʁɚ 
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Ƚɥɚɜɟɧ ɢ ɨɞɝɨɜɨɪɟɧ ɭɪɟɞɧɢɤ: 
ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ ɉɚɧɨɜ 
 
ɍɪɟɞɧɢɤ: 
Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ 
 
Ɂɚ ɢɡɞɚɜɚɱɨɬ: 
ɦ-ɪ Ƚɨɪɚɧ ɋɚɪɚɮɢɦɨɜ, ɞɢɩɥ.ɪɭɞ.ɢɧɠ. 
 
Ɍɟɯɧɢɱɤɚ ɩɨɞɝɨɬɨɜɤɚ: 
Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ 
 
ɂɡɪɚɛɨɬɤɚ ɧɚ ɧɚɫɥɨɜɧɚ ɫɬɪɚɧɚ: 











CIP - Ʉɚɬɚɥɨɝɢɡɚɰɢʁɚ ɜɨ ɩɭɛɥɢɤɚɰɢʁɚ 




ɋɌɊɍɑɇɈ ɫɨɜɟɬɭɜɚʃɟ ɫɨ ɦɟѓɭɧɚɪɨɞɧɨ ɭɱɟɫɬɜɨ   ɉɈȾȿɄɋ-ɉɈȼȿɄɋ'16 (8; 2016; ɋɬɪɭɦɢɰɚ) 
Ɍɟɯɧɨɥɨɝɢʁɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ: ɡɛɨɪɧɢɤ ɧɚ ɬɪɭɞɨɜɢ / IX 
ɫɬɪɭɱɧɨ ɫɨɜɟɬɭɜɚʃɟ ɫɨ ɦɟѓɭɧɚɪɨɞɧɨ ɭɱɟɫɬɜɨ ɉɈȾȿɄɋ-ɉɈȼȿɄɋ'16 11-13.11.2016 ɝɨɞɢɧɚ ɋɬɪɭɦɢɰɚ; 
[ɝɥɚɜɟɧ ɢ ɨɞɝɨɜɨɪɟɧ ɭɪɟɞɧɢɤ Ɂɨɪɚɧ ɉɚɧɨɜ, ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ]. - ɒɬɢɩ: 
ɇɍ ɍɧɢɜɟɪɡɢɬɟɬɫɤɚ ɛɢɛɥɢɨɬɟɤɚ “Ƚɨɰɟ Ⱦɟɥɱɟɜ”, 2016-258 ɫɬɪ.: ɢɥɭɫɬɪ.; 30 ɫɦ 
 
Abstracts ɤɨɧ ɬɪɭɞɨɜɢɬɟ. - Ȼɢɛɥɢɨɝɪɚɮɢʁɚ ɤɨɧ ɬɪɭɞɨɜɢɬɟ 
 ISBN 978-608-242-019-6 
 
ɚ) Ɋɭɞɚɪɫɬɜɨ – ȿɤɫɩɥɨɚɬɚɰɢʁɚ – Ɇɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ – ɋɨɛɢɪɢ 
COBISS.MK-ID 99826186 
 
Сɢɬɟ ɩɪɚɜɚ ɢ ɨɞɝɨɜɨɪɧɨɫɬɢ ɡɚ ɨɞɩɟɱɚɬɟɧɢɬɟ ɬɪɭɞɨɜɢ ɝɢ ɡɚɞɪɠɭɜɚɚɬ ɚɜɬɨɪɢɬɟ. Нɟ ɟ 
ɞɨɡɜɨɥɟɧɨ ɧɢɬɭ ɟɞɟɧ ɞɟɥ ɨɞ ɨɜɚɚ ɤɧɢɝɚ ɞɚ ɛɢɞɟ ɪɟɩɪɨɞɭɰɢɪɚɧ, ɫɧɢɦɟɧ ɢɥɢ 
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ɍɇɂȼȿɊɁɂɌȿɌ “ȽɈɐȿ ȾȿɅɑȿȼ” - ɒɌɂɉ 
ɎȺɄɍɅɌȿɌ ɁȺ ɉɊɂɊɈȾɇɂ ɂ ɌȿɏɇɂɑɄɂ ɇȺɍɄɂ 













ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ ɉɚɧɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ⱦɟʁɚɧ Ɇɢɪɚɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɍɨɞɨɪ Ⱦɟɥɢɩɟɬɪɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ȼɥɚɝɨʁ Ƚɨɥɨɦɟɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɉɪɰɟ ɋɩɚɫɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ɋɥɨɛɨɞɚɧ ȼɭʁɢќ, Ɋɭɞɚɪɫɤɢ ɂɧɫɬɢɬɭɬ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ. 
ɉɪɨɮ. ɞ-ɪ Ɇɢɥɨɪɚɞ ȳɨɜɚɧɨɜɫɤɢ, ɍɄɂɆ, Ƚɪɚɞɟɠɟɧ ɮɚɤɭɥɬɟɬ, ɋɤɨɩʁɟ, Ɋ. 
Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɢɬɨɦɢɪ Ɇɢɥɢќ, Ɍɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ɜɨ Ȼɨɪ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɋɚɞɨʁɟ ɉɚɧɬɨɜɢќ, Ɍɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ɜɨ Ȼɨɪ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ɂɜɢɰɚ Ɋɢɫɬɨɜɢќ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɋɚɞɟ Ɍɨɤɚɥɢќ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɨʁɢɧ ɑɨɤɨɪɢɥɨ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɥɚɞɢɦɢɪ ɉɚɜɥɨɜɢќ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ȼɨɠɨ Ʉɨɥɨʃɚ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȳɨɠɟ Ʉɨɪɬɧɢɤ, Ɏɚɤɭɥɬɟɬ ɡɚ ɩɪɢɪɨɞɧɢ ɧɚɭɤɢ ɢ ɢɧɠɟɧɟɪɫɬɜɨ, 
ȴɭɛʂɚɧɚ, ɋɥɨɜɟɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȳɚɤɨɛ Ʌɢɤɚɪ, Ɏɚɤɭɥɬɟɬ ɡɚ ɩɪɢɪɨɞɧɢ ɧɚɭɤɢ ɢ ɢɧɠɟɧɟɪɫɬɜɨ, ȴɭɛʂɚɧɚ, 
ɋɥɨɜɟɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɟɪɨɫɥɚɜ Ɇɨɥɧɚɪ, ȻȿɊȽ Ɏɚɤɭɥɬɟɬ, Ɍɟɯɧɢɱɤɢ ɍɧɢɜɟɪɡɢɬɟɬ ɜɨ 
Ʉɨɲɢɰɟ, Ɋ. ɋɥɨɜɚɱɤɚ; 
ɉɪɨɮ. ɞ-ɪ ɉɟɬɚɪ Ⱥɬɚɧɚɫɨɜ, Ɇɢɧɨ-ɝɟɨɥɨɲɤɢ ɍɧɢɜɟɪɡɢɬɟɬ, ɋɨɮɢʁɚ, Ɋ. Ȼɭɝɚɪɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɟɧɰɢɫɥɚɜ ɂɜɚɧɨɜ, Ɇɢɧɨ-ɝɟɨɥɨɲɤɢ ɍɧɢɜɟɪɡɢɬɟɬ, ɋɨɮɢʁɚ, Ɋ. 
Ȼɭɝɚɪɢʁɚ; 
 
ɉɪɨɮ. ɞ-ɪ ɉɟɬɚɪ Ⱦɚɫɤɚɥɨɜ, ɇɚɭɱɧɨ – ɬɟɯɧɢɱɤɢ ɫɨʁɭɡ ɡɚ ɪɭɞɚɪɫɬɜɨ, ɝɟɨɥɨɝɢʁɚ ɢ 
ɦɟɬɚɥɭɪɝɢʁɚ, ɋɨɮɢʁɚ, Ɋ. Ȼɭɝɚɪɢʁɚ; 
ɞ-ɪ Ʉɪɟɦɟɧɚ Ⱦɟɞɟʂɚɧɨɜɚ, ɇɚɭɱɧɨ – ɬɟɯɧɢɱɤɢ ɫɨʁɭɡ ɡɚ ɪɭɞɚɪɫɬɜɨ, ɝɟɨɥɨɝɢʁɚ ɢ 
ɦɟɬɚɥɭɪɝɢʁɚ, ɋɨɮɢʁɚ, Ɋ. Ȼɭɝɚɪɢʁɚ; 











Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ;  
Ⱦɪɚɝɚɧ Ⱦɢɦɢɬɪɨɜɫɤɢ, ȾɂɌɂ, ɋɤɨɩʁɟ; 
Ɇɢɬɤɨ Ʉɪɦɡɨɜ, ȿɭɪɨɦɚɤɫ Ɋɟɫɭɪɫɢɫ, ɋɬɪɭɦɢɰɚ. 
 
Ƚɟɧɟɪɚɥɟɧ ɫɟɤɪɟɬɚɪ:  
 
ɦ-ɪ Ƚɨɪɚɧ ɋɚɪɚɮɢɦɨɜ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ. 
 
 
ɑɅȿɇɈȼɂ ɇȺ ɈɊȽȺɇɂɁȺɐɂɈɇɂɈɌ ɈȾȻɈɊ:  
 
Ɇɢɬɤɨ Ʉɪɦɡɨɜ, ȿɭɪɨɦɚɤɫ Ɋɟɫɭɪɫɢɫ, ɋɬɪɭɦɢɰɚ. 
Ɇɢɰɟ Ɍɪɤɚɥɟɫɤɢ, Ɇɟɪɦɟɪɟɧ ɤɨɦɛɢɧɚɬ, ɉɪɢɥɟɩ; 
Ɂɨɪɚɧ Ʉɨɫɬɨɫɤɢ, Ɇɪɚɦɨɪɛʁɚɧɤɨ, ɉɪɢɥɟɩ; 
ɒɟɪɢɮ Ⱥɥɢɭ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
Ɏɢɥɢɩ ɉɟɬɪɨɜɫɤɢ, Ɇɢɧɟɪɚɥ ɩɪɨɟɤɬ, Ɇ. Ʉɚɦɟɧɢɰɚ; 
ȴɭɩɱɟ ȿɮɧɭɲɟɜ, Ɇɢɧɢɫɬɟɪɫɬɜɨ ɡɚ ɟɤɨɧɨɦɢʁɚ, ɋɤɨɩʁɟ; 
ɦ-ɪ Ƚɨɪɚɧ ɋɚɪɚɮɢɦɨɜ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ. 
ɦ-ɪ Ʉɢɪɱɨ Ɇɢɧɨɜ, Ɋɭɞɧɢɤ ɡɚ ɛɚɤɚɪ “Ȼɭɱɢɦ”, Ɋɚɞɨɜɢɲ; 
ɦ-ɪ Ɂɨɪɚɧ Ȼɨɝɞɚɧɨɜɫɤɢ, ȺȾ ȿɅȿɆ, ɊȿɄ Ȼɢɬɨɥɚ, ɉȿ Ɋɭɞɧɢɰɢ, Ȼɢɬɨɥɚ; 
ɦ-ɪ Ȼɨɪɱɟ Ƚɨɰɟɜɫɤɢ, Ɋɭɞɧɢɤ “ɋȺɋȺ”, Ɇ. Ʉɚɦɟɧɢɰɚ; 
ɦ-ɪ Ȼɥɚɝɨʁɚ Ƚɟɨɪɝɢɟɜɫɤɢ, ȺȾ ȿɅȿɆ, ɊȿɄ Ȼɢɬɨɥɚ, ɉȿ Ɋɭɞɧɢɰɢ, Ȼɢɬɨɥɚ; 
ɦ-ɪ ɋɚɲɨ ȳɨɜɱɟɜɫɤɢ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
ɦ-ɪ Ƚɨɪɚɧ ɋɬɨʁɤɨɫɤɢ, Ɋɭɞɧɢɤ “Ȼɟɥɚ ɉɨɥɚ”, ɉɪɢɥɟɩ; 
ɦ-ɪ Ʉɨɫɬɚɞɢɧ ȳɨɜɚɧɨɜ, Ƚɟɨɥɨɲɤɢ ɡɚɜɨɞ ɧɚ Ɇɚɤɟɞɨɧɢʁɚ, ɋɤɨɩʁɟ; 
ɦ-ɪ Ɍɪɚʁɱɟ Ȼɨɲɟɜɫɤɢ, Ɋɭɞɩɪɨɟɤɬ, ɋɤɨɩʁɟ; 
ɦ-ɪ ȼɚɧɱɨ Ⱥџɢɫɤɢ, Ɋɭɞɧɢɤ “ɋȺɋȺ”, Ɇ. Ʉɚɦɟɧɢɰɚ; 
ɑɟɞɨ Ɋɢɫɬɨɜɫɤɢ, Ɋɭɞɧɢɤ “ɋȺɋȺ”, Ɇ. Ʉɚɦɟɧɢɰɚ; 
Ⱥɧɬɨɧɢɨ Ⱥɧɬɟɜɫɤɢ, “Ȼɭɥɦɚɤ” - Ɋɭɞɧɢɤ “Ɍɨɪɚɧɢɰɚ”, Ʉ. ɉɚɥɚɧɤɚ; 
Ⱦɚɪɤɨ ɇɚɱɤɨɜɫɤɢ, “Ȼɭɥɦɚɤ” - Ɋɭɞɧɢɤ “Ɂɥɟɬɨɜɨ”, ɉɪɨɛɢɲɬɢɩ; 
Ⱦɢɦɢɬɚɪ ɋɬɟɮɚɧɨɜɫɤɢ, “Ȼɭɥɦɚɤ” - Ɋɭɞɧɢɤ “Ɂɥɟɬɨɜɨ”, ɉɪɨɛɢɲɬɢɩ; 
Ⱦɪɚɝɚɧ ɇɚɫɟɜɫɤɢ, ȽɂɆ, ɋɤɨɩʁɟ; 
Ɇɢɥɟ ɋɬɟɮɚɧɨɜ, Ɋɭɞɧɢɤ “Ȼɚʃɚɧɢ”, ɋɤɨɩʁɟ; 
ɀɢɜɤɨ Ʉɚɥɟɜɫɤɢ, Ɋɭɞɧɢɤ “Ɉɫɥɨɦɟʁ”, Ʉɢɱɟɜɨ; 
Ɇɚɪɢʁɚ ɉɟɬɪɨɜɫɤɚ, ɋɬɨɩɚɧɫɤɚ Ʉɨɦɨɪɚ, ɋɤɨɩʁɟ; 
ȴɭɩɱɨ Ɍɪɚʁɤɨɜɫɤɢ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
ȿɦɢɥ ȳɨɪɞɚɧɨɜ, ȽȾ “Ƚɪɚɧɢɬ” ȺȾ, ɋɤɨɩʁɟ; 
ɉɟɩɢ Ɇɢɰɟɜ, ȽȾ “Ƚɪɚɧɢɬ” ȺȾ, ɋɤɨɩʁɟ; 
ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ ɉɚɧɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ȼɨɪɢɫ Ʉɪɫɬɟɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ɇɢɪʁɚɧɚ Ƚɨɥɨɦɟɨɜɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ɋɢɫɬɨ Ⱦɚɦɛɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ ɇɢɤɨɥɢɧɤɚ Ⱦɨɧɟɜɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ɋɢɫɬɨ ɉɨɩɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ɇɚɪɢʁɚ ɏɚџɢ-ɇɢɤɨɥɨɜɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ⱥɮɪɨɞɢɬɚ Ɂɟɧɞɟɥɫɤɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 

































IX ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺȵȿ ɇȺ ɌȿɆȺ:  
“ɌȿɏɇɈɅɈȽɂȳȺ ɇȺ ɉɈȾɁȿɆɇȺ ɂ ɉɈȼɊɒɂɇɋɄȺ ȿɄɋɉɅɈȺɌȺɐɂȳȺ  
ɇȺ ɆɂɇȿɊȺɅɇɂ ɋɍɊɈȼɂɇɂ” 














ɁȾɊɍɀȿɇɂȿ ɇȺ ɊɍȾȺɊɋɄɂɌȿ ɂ ȽȿɈɅɈɒɄɂɌȿ ɂɇɀȿɇȿɊɂ 









ɍɇɂȼȿɊɁɂɌȿɌ “ȽɈɐȿ ȾȿɅɑȿȼ” – ɒɌɂɉ 
ɎȺɄɍɅɌȿɌ ɁȺ ɉɊɂɊɈȾɇɂ ɂ ɌȿɏɇɂɑɄɂ ɇȺɍɄɂ 









ȻȺɅɄȺɇɋɄȺ ȺɄȺȾȿɆɂȳȺ ɁȺ ɊɍȾȺɊɋɄɂ ɇȺɍɄɂ 
 
 
   
 









Ɇɟѓɭɧɚɪɨɞɧɨɬɨ ɫɬɪɭɱɧɨ ɫɨɜɟɬɭɜɚʃɟ ɡɚ ɩɨɞɡɟɦɧɚɬɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ 
ɦɢɧɟɪɚɥɧɢɬɟ ɫɭɪɨɜɢɧɢ (ɉɈȾȿɄɋ), ɡɚ ɩɪɜɩɚɬ ɫɟ ɨɞɪɠɚ ɧɚ 06.12.2007 ɝɨɞ. ɜɨ 
ɉɪɨɛɢɲɬɢɩ ɜɨ ɨɪɝɚɧɢɡɚɰɢʁɚ ɧɚ ɋɨʁɭɡɨɬ ɧɚ Ɋɭɞɚɪɫɤɢɬɟ ɢ Ƚɟɨɥɨɲɤɢɬɟ ɂɧɠɟɧɟɪɢ 
ɧɚ Ɇɚɤɟɞɨɧɢʁɚ (ɋɊȽɂɆ). 
Ɉɞ 2012 ɝɨɞɢɧɚ ɫɨɜɟɬɭɜɚʃɟɬɨ ɟ ɩɪɨɲɢɪɟɧɨ ɫɨ ɬɪɭɞɨɜɢ ɨɞ ɩɨɜɪɲɢɧɫɤɚɬɚ 
ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ ɢ ɟ ɢɦɟɧɭɜɚɧɨ ɤɚɤɨ ɉɈȾȿɄɋ-ɉɈȼȿɄɋ. 
ɋɬɪɭɱɧɨɬɨ ɫɨɜɟɬɭɜɚʃɟ, ɧɚ ɬɟɦɚ: ɬɟɯɧɨɥɨɝɢʁɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ 
ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ, ɬɪɚɞɢɰɢɨɧɚɥɧɨ ɫɟ ɨɞɪɠɭɜɚ ɫɟɤɨʁɚ 
ɝɨɞɢɧɚ ɜɨ ɦɟɫɟɰ ɧɨɟɦɜɪɢ. ɇɚ ɨɜɚ ɫɨɜɟɬɭɜɚʃɟ ɡɟɦɚɚɬ ɭɱɟɫɬɜɨ ɝɨɥɟɦ ɛɪɨʁ ɧɚ 
ɫɬɪɭɱɧɢ ɥɢɰɚ ɨɞ: ɪɭɞɚɪɫɤɚɬɚ ɢɧɞɭɫɬɪɢʁɚ, ɭɧɢɜɟɪɡɢɬɟɬɢɬɟ, ɧɚɭɱɧɨ-
ɢɫɬɪɚɠɭɜɚɱɤɢɬɟ ɢ ɩɪɨɟɤɬɚɧɬɫɤɢɬɟ ɨɪɝɚɧɢɡɚɰɢɢ, ɩɪɨɢɡɜɨɞɢɬɟɥɢɬɟ ɧɚ ɨɩɪɟɦɚ ɢ 
ɞɪ. 
ɇɚ ɞɨɫɟɝɚɲɧɢɬɟ ɨɫɭɦ ɫɨɜɟɬɭɜɚʃɚ (2007, 2008, 2009, 2010, 2011, 2012, 2014 ɢ 
2015 ɝɨɞ.) ɭɱɟɫɬɜɭɜɚɚ ɩɨɜɟќɟ ɚɜɬɨɪɢ ɨɞ 9 ɞɪɠɚɜɢ, ɤɨɢ ɩɪɟɡɟɧɬɢɪɚɚ 211 ɫɬɪɭɱɧɢ 
ɬɪɭɞɨɜɢ.  
Ɂɚ ɨɜɚ ɞɟɜɟɬɬɨ ɫɨɜɟɬɭɜɚʃɟ (ɉɈȾȿɄɋ - ɉɈȼȿɄɋ ’16) ɩɪɢʁɚɜɟɧɢ ɫɟ 31 ɬɪɭɞ, ɧɚ 
ɚɜɬɨɪɢ ɨɞ 4 ɞɪɠɚɜɢ. 
Ƚɨɥɟɦɢɨɬ ɛɪɨʁ ɧɚ ɬɪɭɞɨɜɢ ɨɞ ɞɨɦɚɲɧɢɬɟ ɚɜɬɨɪɢ ɩɪɨɢɡɥɟɡɟ ɤɚɤɨ ɪɟɡɭɥɬɚɬ ɧɚ 
ɧɚɭɱɧɨ-ɢɫɬɪɚɠɭɜɚɱɤɚɬɚ ɪɚɛɨɬɚ ɪɟɚɥɢɡɢɪɚɧɚ ɧɚ ɜɢɫɨɤɨɨɛɪɚɡɨɜɧɢɬɟ ɢɧɫɬɢɬɭɰɢɢ 
ɜɨ Ɋ. Ɇɚɤɟɞɨɧɢʁɚ. Ɇɟѓɭɬɨɚ, ɩɨɫɟɛɧɨ ɧɟ ɪɚɞɭɜɚ ɭɱɟɫɬɜɨɬɨ ɧɚ ɚɜɬɨɪɢ ɨɞ 
ɧɟɩɨɫɪɟɞɧɨɬɨ ɪɭɞɚɪɫɤɨ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɤɨɢ ɲɬɨ ɩɪɟɡɟɧɬɢɪɚɚɬ ɩɨɫɬɢɝɧɚɬɢ 
ɪɟɡɭɥɬɚɬɢ ɜɨ ɪɭɞɚɪɫɤɚɬɚ ɩɪɚɤɫɚ. 
ɋɟ ɧɚɞɟɜɚɦɟ ɞɟɤɚ ɬɪɚɞɢɰɢʁɚɬɚ ɡɚ ɫɨɛɢɪɚʃɟ ɧɚ ɫɢɬɟ ɫɩɟɰɢʁɚɥɢɫɬɢ ɨɞ ɨɛɥɚɫɬɚ 
ɧɚ ɩɨɞɡɟɦɧɚɬɚ ɢ ɩɨɜɪɲɢɧɫɤɚɬɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ɦɢɧɟɪɚɥɧɢɬɟ ɫɭɪɨɜɢɧɢ, ќɟ 









IX ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺȵȿ ɇȺ ɌȿɆȺ: 
“Ɍɟɯɧɨɥɨɝɢʁɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ 
ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ” 
ɉɈȾȿɄɋ – ɉɈȼȿɄɋ ’16 
ɋɬɪɭɦɢɰɚ 








The International expert conference on underground mining of mineral raw materials 
(PODEKS), organized by the Association of Mining and Geology Engineers of 
Macedonia (AMGEM), was first held on 06.12.2007 in Probishtip. 
Since 2012, in this counseling, surface exploitation of mineral resources is included 
too, and it is called PODEKS-POVEKS. 
This expert conference called: Technology of underground and surface mining of 
mineral raw materials, traditionally,  has been organized annually during November. 
A number of experts from the mining industry, universities, research institutions, 
planning companies, and equipment manufacturing companies participate in this 
conference. 
Many authors from 9 countries participated in the previous eight conferences (2007, 
2008, 2009, 2010, 2011, 2012 and 2014) presenting 211 expert papers.  
Thirty-one authors from 4 countries have registered their expert papers for the IXth 
conference (PODEKS - POVEKS ’16). 
The large number of expert papers from the domestic authors has emerged as a 
result of the research work carried out at the higher education institutions in the 
Republic of Macedonia. We are particularly delighted by the participation of the 
authors involved in the immediate mining production who will be presenting the 
achieved results in the mining practice. 
We hope that the tradition of gathering of all specialists from the field of underground 
and surface mining of mineral raw materials will continue and that this conference 












IX EXPERT CONFERENCE THEMED: 
“Technology of underground and surface mining of 
mineral raw materials” 
   PODEKS - POVEKS ’16 
Strumica 








ɊɍȾȺɊɋɌȼɈɌɈ ȼɈ ɆȺɄȿȾɈɇɂȳȺ Ⱦȿɇȿɋ ɂ ɉȿɊɋɉȿɄɌɂȼɂ ȼɈ 




ɁȺɄɈɇ ɁȺ ɆɂɇȿɊȺɅɇɂ ɋɍɊɈȼɂɇɂ ɋɈ ɈɋȼɊɌ ɄɈɇ ȽȿɈɅɈɒɄɂɌȿ 




ɆɂɇȿɊȺɅɈɒɄɂ ɄȺɊȺɄɌȿɊɂɋɌɂɄɂ ɇȺ ȿɉɂȾɈɌɈɌ ɈȾ  Ⱦɍȵȿ,  
ɊȿɉɍȻɅɂɄȺ ɆȺɄȿȾɈɇɂȳȺ * Ɍɟɧɚ ɒɢјɚɤɨɜɚ-ɂɜɚɧɨɜɚ, ȼɢɨɥɟɬɚ ɋɬɟɮɚɧɨɜɚ, 





ɊȿɁɍɅɌȺɌɂ ɈȾ ɒɅɂɏɈȼɋɄA ɉɊɈɋɉȿɄɐɂJA - ɋɍɒȿȼɋɄȺ ɊȿɄȺ, 
ɂɋɌɈɑɇȺ ɆȺɄȿȾɈɇɂȳȺ * ȼɢɨɥɟɬɚ ɋɬɟɮɚɧɨɜɚ, Ɍɟɧɚ ɒɢјɚɤɨɜɚ-ɂɜɚɧɨɜɚ, 





ȽȿɈɏȿɆɂɋɄɂ ɄȺɊȺɄɌȿɊɂɋɌɂɄɂ ɇȺ ɋɄȺɊɇɈȼɂɌȿ ɈȾ ɇȺɈЃȺɅɂɒɌȿɌɈ ɂȻȿɊɅɂ * 




ɇȿɈȽȿɇ-ɄȼȺɊɌȿɊɇɂ ɋȿȾɂɆȿɇɌɂ ȼɈ ȳɍȽɈɁȺɉȺȾɇɂɈɌ ȾȿɅ ɇȺ 






ɇȺɈЃȺɅɂɒɌȺ ɇȺ ɉɂȿɁɈɈɉɌɂɑɄɂ ɄȼȺɊɐ "ȻɍȾɂɇȺɊɐɂ-ɆɂɌɊȺɒɂɇɐɂ" * 




ɆɈɀɇɈɋɌɂ ɁȺ ɄɈɊɂɋɌȿȵȿ ɇȺ ɄȺɊȻɈɇȺɌɇɂɌȿ ɒɄɊɂɅɐɂ ɈȾ 
ɅɈɄȺɅɂɌȿɌɈɌ „ȽɈɅȿɆ ɊɂȾ“ ɄȺɄɈ ȺɊɏɂɌȿɄɌɈɇɋɄɂ ȾȿɄɈɊȺɌɂȼȿɇ 





ɏɂȾɊɈȽȿɈɅɈɒɄɂ ɂɋɌɊȺɀɍȼȺȵȺ ɁȺ ɈȻȿɁȻȿȾɍȼȺȵȿ ɇȺ ɉɈɌɊȿȻɇɂɌȿ 
ɄɈɅɂɑɂɇɂ ɇȺ ɉɈȾɁȿɆɇȺ ȼɈȾȺ ɁȺ ȼɈȾɈɋɇȺȻȾɍȼȺȵȿ ɇȺ ɋȿɅɈ 





ɄɈɊȿɅȺɐɂȳȺ ɇȺ ɉȺɅȿɈȽȿɇɂɌȿ ȻȺɋȿɇɂ ȼɈ ȼȺɊȾȺɊɋɄȺɌȺ ɁɈɇȺ ȼɈ 











IX ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺȵȿ ɇȺ ɌȿɆȺ: 
Ɍɟɯɧɨɥɨɝɢʁɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ  
ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ 
ɉɈȾȿɄɋ – ɉɈȼȿɄɋ ’16 
ɋɬɪɭɦɢɰɚ 
11 ÷ 13. 11. 2016 ɝɨɞ. 
ɂɇɀȿɇȿɊɋɄɈ – ȽȿɈɅɈɒɄȺ ɉɊɈɐȿɇɄȺ ɁȺ ɋɌȺȻɂɅɇɈɋɌȺ ɇȺ 
ɅɈɄȺɅɂɌȿɌɈɌ “ȻȺɇɋɄɈ” ȾɈȻɂȿɇȺ ȼɊɁ ɈɋɇɈȼȺ ɇȺ  
ɋȿɂɁɆɂɑɄɂ ɂɋɌɊȺɀɍȼȺȵȺ * ȼɥɚɞɢɦɢɪ Ɇɚɧɟɜɫɤɢ, Ɍɨɞɨɪ Ⱦɟɥɢɩɟɬɪɨɜ, 






ɆɈȾȿɅɂɊȺȵȿ ɇȺ ɉɅȺɇɈȼɂɌȿ ɁȺ ɂɁɊȺȻɈɌɄȺ ɇȺ ɉɈȾɁȿɆɇɂ ɊɍȾȺɊɋɄɂ 






ɉɈɋɌȺɉɄɂ ɂ ɌȿɏɇɂɄɂ ɁȺ ȼȽɊȺȾɍȼȺȵȿ ɇȺ ɉɊɋɄȺɇ ȻȿɌɈɇ * ɇɢɤɨɥɢɧɤɚ 






ɈɋɂȽɍɊɍȼȺȵȿ (ɊȺɑɇɈ ɄȺȼȺȵȿ) ɇȺ ɊȺȻɈɌɇɂ ɆȿɋɌȺ ȼɈ ȳȺɆȺ * ɋɬɚɧɤɟ 




ɉɊɈɂɁȼɈȾɇɂ ɉɅȺɇɈȼɂ ɁȺ ɊȿɋɌȺɊɌɂɊȺȵȿ ɇȺ ɊɍȾɇɂɐɂɌȿ ɁɅȿɌɈȼɈ ɂ 
ɌɈɊȺɇɂɐȺ ɈȾ ɄɈɆɉȺɇɂȳȺɌȺ ɆɂɇɋɌɊɈȳ * Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ, ɇɢɤɨɥɚј 





MONITORING OF HIGH SAFETY PILLARS STABILITY IN UNDERGROUND 









ɈȾɊȿȾɍȼȺȵȿ ɇȺ ɈɉɌɂɆȺɅɇȺ ȾɈɅɀɂɇȺ ɇȺ ɈɌɄɈɉȿɇ/ɊɍȾȿɇ ȻɅɈɄ ɉɊɂ 
ɉɈȾȿɌȺɀɇȺ ɆȿɌɈȾȺ ɋɈ ɁȺɊɍɒɍȼȺȵȿ ɇȺ ɊɍȾȺɌȺ ɂ ɉɊɂȾɊɍɀɇɂɌȿ 







ɉȺɊȺɆȿɌɊɂ ɁȺ ɂɁȻɈɊ ɇȺ ȳȺȽɅȿɇɈȼɈ ɇȺɈЃȺɅɂɒɌȿ ɉɈȽɈȾɇɈ ɁȺ 
ɉɈȾɁȿɆɇȺ ȽȺɋɂɎɂɄȺɐɂȳȺ ɇȺ ȳȺȽɅȿɇɂ * Ɋɚɞɦɢɥɚ Ʉɚɪɚɧɚɤɨɜɚ 





MȿɌɈȾɂ ɂ ɌȿɏɇɂɄɂ ɇȺ ɉɊȿȾȼɂȾɍȼȺȵȺ ȼɈ ɊɍȾɇɂɑɄɂɈɌ  ɆȿɇȺȹɆȿɇɌ 




ȿɄɈɇɈɆɋɄɂ ɉȺɊȺɆȿɌɊɂ ɄɈɂ ɂɆȺȺɌ ȼɅɂȳȺɇɂȿ ȼɊɁ ɍɋɉȿɒɇɈɌɈ 
ɊȺȻɈɌȿȵȿ ɇȺ ɊɍȾɇɂɐɂɌȿ * ɋɬɨјɚɧɱɟ Ɇɢјɚɥɤɨɜɫɤɢ, Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ, Ⱦɟјɚɧ 





ɆɈɀɇɈɋɌɂ ɁȺ ɂɆɉɅȿɆȿɇɌɂɊȺȵȿ ɇȺ ɋɂɋɌȿɆɈɌ ɁȺ ȽȺɋȿȵȿ ɇȺ 
ɉɈɀȺɊɂ ɋɈ ȺȿɊɈɋɈɅɂ ɁȺ  ɁȺɒɌɂɌȺ  ɇȺ  ɂɇɎɊȺɋɌɊɍɄɌɍɊɇɂ ɈȻȳȿɄɌɂ 
* Ɋɢɫɬɨ Ⱦɚɦɛɨɜ, Ɋɢɫɬɨ ɉɨɩɨɜɫɤɢ, Ɋɚɞɦɢɥɚ Ʉɚɪɚɧɚɤɨɜɚ ɋɬɟɮɚɧɨɜɫɤɚ, ɂɥɢјɚ 






ȽȺɋȿȵȿ  ɇȺ  ɂɇɂɐɂȳȺɅɇɂ ɉɈɀȺɊɂ ȼɈ ɂɇɎɊȺɋɌɊɍɄɌɍɊɇɂ  ɈȻȳȿɄɌɂ 




ȼɅɂȳȺɇɂȿ ɇȺ ɉȿɊɋɈɇȺɅɇȺɌȺ ɂɁɅɈɀȿɇɈɋɌ ɇȺ ȻɍɑȺȼȺ ɇȺ 
ȼɊȺȻɈɌȿɇɂɌȿ ȼɈ ɊɍȾȺɊɋɌȼɈɌɈ ȼɊɁ ɁȺȽɍȻȺɌȺ ɇȺ ɋɅɍɏɈɌ * Ɇɚɪɢјɚ 






ɄȺɊȺɄɌȿɊɂɄɂɋɌɂɄɂ ɂ ɉɊɂɆȿɇȺ ɇȺ ɉɊɂɊɈȾɇɂ ɆɂɇȿɊȺɅɇɂ ɋɍɊɈȼɂɇɂ 
ɁȺ ɈɌɋɌɊȺɇɍȼȺȵȿ ɇȺ ɆȿɌȺɅɂ ɈȾ ȼɈȾȿɇɂ ɊȺɋɌȼɈɊɂ * Ⱥɮɪɨɞɢɬɚ 





ɋɅȿȾȿȵȿ ɇȺ ɄȼȺɅɂɌȿɌɈɌ ɇȺ ɉɈȼɊɒɂɇɋɄɂɌȿ ȼɈȾɂ ȼɈ ɈɄɈɅɂɇȺɌȺ 
ɇȺ ɂȾɇɂɈɌ ɊɍȾɇɂɄ „ɂɅɈȼɂɐȺ-ɒɌɍɄȺ“ * Ⱦɪɚɝɢ ɉɟɥɬɟɱɤɢ, ȼɟɪɚ Ѓɨɪɝɢɟɜɚ, 





ɋɌȺɌɂɋɌɂɑɄȺ ɈȻɊȺȻɈɌɄȺ ɇȺ ɉɈȼɊȿȾɂ ɇȺ ɊȺȻɈɌȺ ɂ 
ɉɊɈɎȿɋɂɈɇȺɅɇɂ ȻɈɅȿɋɌɂ ȼɈ ɊȿɉɍȻɅɂɄȺ ɆȺɄȿȾɈɇɂȳȺ * Ʌɚɡɟ 





ɆɈɀɇɈɋɌɂɌȿ ɁȺ ɇȺɆȺɅɍȼȺȵȿ ɇȺ ȿɎȿɄɌɈɌ ɇȺ ɋɌȺɄɅȿɇȺ ȽɊȺȾɂɇȺ 
ɈȾ ɉɈȾɁȿɆɇȺ ȽȺɋɂɎɂɄȺɐɂȳȺ ɇȺ ȳȺȽɅȿɇ * Ɋɚɞɦɢɥɚ Ʉɚɪɚɧɚɤɨɜɚ 





ɌɊȿɌɆȺɇ ɇȺ ɈɌɉȺȾɇɂɌȿ ȼɈȾɂ ɈȾ ɌȿɏɇɈɅɈɒɄɂɈɌ ɉɊɈɐȿɋ ɇȺ 
ɎȺȻɊɂɄȺɌȺ ɁȺ ɉɊɈɂɁȼɈȾɋɌȼɈ ɇȺ ɆȿɋɈ ɂ ɋɍȼɈɆȿɋɇȺɌɂ ɉɊɈɂɁȼɈȾɂ 
ɆɂɄ ɈȾ ɋȼȿɌɂ ɇɂɄɈɅȿ, Ɋ. ɆȺɄȿȾɈɇɂȳȺ * Ɉɪɰɟ ɋɩɚɫɨɜɫɤɢ, Ⱦɚɧɢɟɥ 






ȻɂɈȽȺɋɈɌ ɉȿɊɋɉȿɄɌɂȼȺ ɂ ɁɇȺɑȺȿɇ ɂɁȼɈɊ ɇȺ ȿɇȿɊȽɂȳȺ * Ɂɨɪɚɧ 






ɄɈɊɂɋɌȿȵȿ ɇȺ ɉɈȼȿЌȿ ɄɊɂɌȿɊɂɍɆɋɄȺ ɈɉɌɂɆɂɁȺɐɂȳȺ ɉɊɂ 











ɉɈɋɌȺɉɄɂ ɂ ɌȿХɇɂɄɂ ɁȺ ȼȽɊȺȾɍȼȺЊȿ ɇȺ ɉɊɋɄȺɇ ȻȿɌɈɇ  
 
ɇɢɤɨɥɢɧɤɚ Ⱦɨɧɟɜɚ1, Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ1,  
Ⱦɟјɚɧ Ɇɢɪɚɤɨɜɫɤɢ1, Ɇɚɪɢјɚ Хɚџɢ-ɇɢɤɨɥɨɜɚ1, ɋɬɨјɚɧɱɟ Ɇɢјɚɥɤɨɜɫɤɢ1 
1ɍɧɢɜɟɪɡɢɬɟɬ „Ƚɨɰɟ Ⱦɟɥɱɟɜ“, Ɏɚɤɭɥɬɟɬ ɡɚ ɩɪɢɪɨɞɧɢ ɢ ɬɟɯɧɢɱɤɢ ɧɚɭɤɢ,  
Шɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢјɚ 
 
Ⱥɩɫɬɪɚɤɬ: ȼɨ ɨɜɨј ɬɪɭɞ ɫɟ ɩɪɟɡɟɧɬɢɪɚɧɢ ɩɨɫɬɚɩɤɢ ɡɚ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɢ ɬɨɚ ɫɭɜɚɬɚ 
ɢ ɦɨɤɪɚɬɚ ɩɨɫɬɚɩɤɚ ɤɚɤɨ ɢ ɬɟɯɧɢɤɢɬɟ ɡɚ ɧɟɝɨɜɨ ɜɝɪɚɞɭɜɚњɟ. Ⱦɚɞɟɧɢ ɫɟ ɩɪɚɤɬɢɱɧɢ ɢɫɤɭɫɬɜɚ ɡɚ 
ɩɪɚɜɢɥɧɨ ɢ ɟɮɢɤɚɫɧɨ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɩɪɢ ɩɨɞɝɪɚɞɭɜɚњɟ ɧɚ ɩɨɞɡɟɦɧɢ ɨɛјɟɤɬɢ. 
ɉɪɢɤɚɠɚɧ ɟ ɪɚɡɜɨјɨɬ ɧɚ ɨɩɪɟɦɚɬɚ ɡɚ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɤɨјɚ ɫɟ ɤɨɪɢɫɬɢ ɤɚј ɧɚɫ ɢ ɜɨ 
ɫɜɟɬɨɬ.  
 
Ʉɥɭɱɧɢ ɡɛɨɪɨɜɢ: ɫɭɜɚ ɩɨɫɬɚɩɤɚ, ɦɨɤɪɚ ɩɨɫɬɚɩɤɚ, ɦɥɚɡɧɢɰɚ, ɩɨɞɡɟɦɧɢ ɨɛјɟɤɬɢ 
 
 
PROCEDURES AND TECHNIQUES FOR INFLICTION OF SPRAYED CONCRETE 
 
Nikolinka Doneva1, Zoran Despodov1, 
Dejan Mirakovski1, Maria Hadzi-Nikolova1, Stojanche Mijalkovski1  
1University “Goce Delcev”, Faculty of Natural and Technical Sciences, Stip, R. Macedonia 
 
Abstract: This paper present dry and wet procedures and techniques for infliction of sprayed 
concrete. Practical experience for proper and efficient infliction of sprayed concrete in underground 
facilities supporting are given. Also, development of equipment for infliction of sprayed concrete that 
used in Republic of Macedonia and abroad is shown.  
 




ȼɨ ɜɧɚɬɪɟɲɧɨɫɬa ɧɚ ɫɟɤɨј ɤɚɪɩɟɫɬ ɦɚɬɟɪɢјɚɥ, ɛɟɡ ɨɝɥɟɞ ɧɚ ɝɟɧɟɡɚɬɚ ɢ 
ɩɨɞɨɰɧɟɠɧɢɬɟ ɬɟɤɬɨɧɫɤɢ ɧɚɪɭɲɭɜɚњɚ, ɫɟ јɚɜɭɜɚɚɬ ɩɪɢɦɚɪɧɢ ɧɚɩɪɟɝɚњɚ. 
ɉɨɥɟɬɨ ɧɚ ɩɪɢɦɚɪɧɢɬɟ ɧɚɩɪɟɝɚњɚ ɫɟ ɧɚɪɭɲɭɜɚ ɩɨɫɥɟ ɢɫɤɨɩɨɬ ɧɚ ɩɨɞɡɟɦɧɢɨɬ 
ɩɪɨɫɬɨɪ ɢ ɬɨɚ ɞɨ ɧɟɤɨјɚ ɨɞɞɚɥɟɱɟɧɨɫɬ ɨɞ ɤɨɧɬɭɪɢɬɟ ɧɚ ɢɫɤɨɩɨɬ.  ɇɚɩɪɟɝɚњɚɬɚ 
ɤɨɢ ɫɟ јɚɜɭɜɚɚɬ ɜɨ ɬɨј ɩɪɨɫɬɨɪ ɫɟ ɧɚɪɟɤɭɜɚɚɬ ɫɟɤɭɧɞɚɪɧɢ ɧɚɩɪɟɝɚњɚ. 
Ƚɨɥɟɦɢɧɚɬɚ ɧɚ ɫɟɤɭɧɞɚɪɧɢɬɟ ɧɚɩɪɟɝɚњɚ ɡɚɜɢɫɢ ɨɞ ɮɢɡɢɱɤɨ – ɦɟɯɚɧɢɱɤɢɬɟ 
ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɤɚɪɩɟɫɬɢɨɬ ɦɚɬɟɪɢјɚɥ ɢ ɝɨɥɟɦɢɧɚɬɚ ɧɚ ɩɨɩɪɟɱɧɢɨɬ ɩɪɟɫɟɤ ɧɚ 





ɧɚ Ɋ. Ɇɚɤɟɞɨɧɢјɚ 
IX ɌɈ ɋɌɊɍЧɇɈ ɋɈȼȿɌɍȼȺЊȿ ɇȺ ɌȿɆȺ: 
Ɍɟɯɧɨɥɨɝɢјɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ 
ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ 
ɉɈȾȿɄɋ – ɉɈȼȿɄɋ ’16 
ɋɬɪɭɦɢɰɚ 
11 – 13. 11. 2016 ɝɨɞ. 
92 
 
Кɚј ɩɪɨɛɢɟɧɢɬɟ ɩɨɞɡɟɦɧɢ ɨɛјɟɤɬɢ ɜɨ ɧɚјɝɨɥɟɦ ɛɪɨј ɫɥɭɱɚɢ ɩɨɬɪɟɛɧɨ ɟ ɞɚ ɫɟ 
ɩɨɫɬɚɜɢ ɩɨɞɝɪɚɞɧɚ ɤɨɧɫɬɭɤɰɢјɚ ɡɚ ɞɚ ɫɟ ɡɚɱɭɜɚ ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɢɫɬɢɨɬ ɢ ɞɚ ɫɟ 
ɫɩɪɟɱɢ ɦɨɠɧɨɫɬɚ ɨɞ ɡɚɪɭɲɭɜɚњɟ. 
ɂɫɬɨɪɢɫɤɢ ɝɥɟɞɚɧɨ ɡɚ ɩɨɞɝɪɚɞɭɜɚњɟ ɛɢɥɟ ɤɨɪɢɫɬɟɧɢ ɩɨɜɟќɟ ɜɢɞɨɜɢ ɧɚ 
ɦɚɬɟɪɢјɚɥɢ, ɧɨ ɜɨ ɩɨɧɨɜɨ ɜɪɟɦɟ ɧɚјɱɟɫɬɨ ɩɪɢɦɟɧɭɜɚɧɚ ɦɟɬɨɞɚ ɡɚ 
ɩɨɞɝɪɚɞɭɜɚњɟ ɟ ɧɨɜɚɬɚ ɚɜɫɬɪɢɫɤɚ ɬɭɧɟɥɫɤɚ ɦɟɬɨɞɚ, ɤɨјɚ ɭɫɩɟɲɧɨ ɫɟ ɩɪɢɦɟɧɭɜɚ 
ɢ ɜɨ ɪɭɞɚɪɫɬɜɨɬɨ. Кɚј ɨɜɚɚ ɦɟɬɨɞɚ ɤɚɤɨ ɩɨɞɝɪɚɞɧɢ ɦɚɬɟɪɢјɚɥɢ ɫɟ ɩɪɢɦɟɧɭɜɚɚɬ 
ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ, ɱɟɥɢɱɧɚɬɚ ɦɪɟɠɚ, ɚɧɤɟɪɢɬɟ ɢ ɱɟɥɢɱɧɢɬɟ ɪɚɦɤɢ.  
ɋɭɲɬɢɧɚɬɚ ɧɚ ɨɜɚɚ ɦɟɬɨɞɚ ɧɚ ɩɨɞɝɪɚɞɭɜɚњɟ ɧɚ ɩɨɞɡɟɦɧɢ ɪɭɞɚɪɫɤɢ ɩɪɨɫɬɨɪɢɢ 
ɢ ɬɭɧɟɥɢ ɟ ɞɟɥ ɨɞ ɤɚɪɩɢɬɟ ɨɤɨɥɭ ɩɪɨɮɢɥɨɬ ɧɚ ɩɪɨɫɬɨɪɢјɚɬɚ ɨɞ ɨɩɬɨɜɚɪɟɧɚ ɡɨɧɚ 
ɞɚ ɫɟ ɩɪɟɬɜɨɪɚɬ ɜɨ ɧɨɫɟɱɤɚ ɡɨɧɚ, ɤɨјɚ ɜɨ ɫɨɞɟјɫɬɜɨ ɫɨ ɩɨɞɝɪɚɞɚɬɚ ɭɱɟɫɬɜɭɜɚ ɜɨ 
ɧɨɫɟњɟɬɨ ɧɚ ɬɨɜɚɪɢɬɟ ɨɞ ɦɚɫɢɬɟ ɧɚɞ ɩɪɨɮɢɥɨɬ. 
 
2. ɉɊɋɄȺɇ ȻȿɌɈɇ 
 
2.1. Ɇɚɬɟɪɢјɚɥ ɡɚ ɞɨɛɢɜɚњɟ ɩɪɫɤɚɧ ɛɟɬɨɧ 
 
Ɉɫɧɨɜɧɢ ɦɚɬɟɪɢјɚɥɢ ɡɚ ɞɨɛɢɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɫɟ: ɰɟɦɟɧɬ, ɤɚɦɟɧ ɚɝɪɟɝɚɬ ɢ 
ɜɨɞɚ. 
ɉɨɤɪɚј ɨɜɢɟ ɦɚɬɟɪɢјɚɥɢ ɜɨ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɫɟ ɞɨɞɚɞɚɬ ɪɚɡɧɢ ɞɨɞɚɬɨɰɢ ɡɚɪɚɞɢ 
ɩɨɞɨɛɪɨ ɜɝɪɚɞɭɜɚњɟ ɢ ɩɨɫɬɢɝɧɭɜɚњɟ ɧɚ ɫɚɤɚɧɢɬɟ ɫɜɨјɫɬɜɚ  
 
Кɚɦɟɧ ɚɝɪɟɝɚɬ 
Ɂɚ ɢɡɪɚɛɨɬɤɚ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɦɨɠɟ ɞɚ ɫɟ ɭɩɨɬɪɟɛɭɜɚ ɩɟɫɨɤ ɢ ɞɪɨɛɟɧ ɚɝɪɟɝɚɬ. 
Аɝɪɟɝɚɬɨɬ ɡɚ ɢɡɪɚɛɨɬɤɚ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɦɨɪɚ ɞɚ ɛɢɞɟ ɱɢɫɬ, ɛɟɡ ɨɪɝɚɧɫɤɢ 
ɞɨɞɚɬɨɰɢ.  
Ɇɚɤɫɢɦɚɥɧɚɬɚ ɝɨɥɟɦɢɧɚ ɧɚ ɡɪɧɚɬɚ ɨɞ ɚɝɪɟɝɚɬɨɬ ɫɟ ɭɬɜɪɞɭɜɚ ɧɚ ɛɚɡɚ ɧɚ 
ɥɚɛɨɪɚɬɨɪɢɫɤɢ ɢɫɩɢɬɭɜɚњɚ ɢ ɜɤɭɩɧɚɬɚ ɞɟɛɟɥɢɧɚ ɧɚ ɤɨɧɫɬɪɭɤɰɢјɚɬɚ ɨɞ ɩɪɫɤɚɧ 
ɛɟɬɨɧ ɢ ɤɚј ɧɨɜɢɬɟ ɬɢɩɨɜɢ ɧɚ ɦɚɲɢɧɢ ɡɚ ɜɝɪɚɞɭɜɚњɟ ɦɨɠɟ ɞɚ ɫɟ ɞɜɢɠɢ ɢ ɞɨ 30 
mm. Ɂɪɧɚɬɚ ɱɢјɚ ɝɨɥɟɦɢɧɚ ɟ ɩɨɞ 0,02 mm ɧɟ ɫɦɟɚɬ ɞɚ ɭɱɟɫɬɜɭɜɚɚɬ ɜɨ ɤɨɥɢɱɢɧɢ 
ɩɨɝɨɥɟɦɢ ɨɞ 2%. Ⱦɨɡɜɨɥɟɧɚɬɚ ɜɥɚɠɧɨɫɬ ɧɚ ɚɝɪɟɝɚɬɨɬ ɦɨɠɟ ɞɚ ɢɡɧɟɫɭɜɚ 
ɦɚɤɫɢɦɭɦ 5% ɤɚɤɨ ɛɢ ɫɟ ɫɩɪɟɱɢɥɨ ɜɪɡɭɜɚњɟɬɨ ɧɚ ɰɟɦɟɧɬɨɬ ɧɚɞɜɨɪ ɨɞ 
ɦɚɲɢɧɚɬɚ ɢ ɬɪɚɧɫɩɨɪɬɧɢɬɟ ɰɪɟɜɚ ɜɨ ɬɟɤɨɬ ɧɚ ɩɪɨɰɟɫɨɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɲɬɨ 
ɦɨɠɟ ɞɚ ɩɪɟɞɢɡɜɢɤɚ ɩɪɟɱɤɢ. 
  
ɐɟɦɟɧɬ 
Ɂɚ ɢɡɪɚɛɨɬɤɚ ɧɚ ɫɭɜɚ ɦɟɲɚɜɢɧɚ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ, ɦɨɠɟ ɞɚ ɫɟ ɩɪɢɦɟɧɢ ɩɨɪɬɥɚɧɞ 
ɰɟɦɟɧɬ, ɩɭɰɨɥɚɧɫɤɢ ɰɟɦɟɧɬ ɢ ɨɫɬɚɧɚɬɢ ɫɩɟɰɢјɚɥɧɢ ɰɟɦɟɧɬɢ. ɇɚјɧɢɫɤɚ ɦɚɪɤɚ ɧɚ 
ɰɟɦɟɧɬ ɤɨјɚ ɫɟ ɩɪɢɦɟɧɭɜɚ ɡɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɬɪɟɛɚ ɞɚ ɛɢɞɟ C35. 
ɂɡɛɨɪɨɬ ɧɚ ɜɢɞɨɬ ɧɚ ɰɟɦɟɧɬ ɡɚɜɢɫɢ ɨɞ ɭɫɥɨɜɢɬɟ ɜɨ ɤɨɢ ɫɟ ɪɚɛɨɬɢ (ɜɨɞɚ ɢ 
ɧɟјɡɢɧɚ ɚɝɪɟɫɢɜɧɨɫɬ), ɨɞ ɛɚɪɚɧɚɬɚ ɰɜɪɫɬɢɧɚ ɤɚɤɨ ɢ ɨɫɬɚɧɚɬɢɬɟ ɛɚɪɚɧɢ ɫɜɨјɫɬɜɚ. 
Кɨɥɢɱɢɧɚɬɚ ɧɚ ɰɟɦɟɧɬɨɬ ɜɨ ɫɭɜɚɬɚ ɦɟɲɚɜɢɧɚ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɫɟ ɨɞɪɟɞɭɜɚ ɜɪɡ 
ɨɫɧɨɜɚ ɧɚ ɪɟɡɭɥɬɚɬɢ ɨɞ ɩɪɟɬɯɨɞɧɢ ɢɫɩɢɬɭɜɚњɚ ɤɨɢ ɬɪɟɛɚ ɞɚ ɝɢ ɡɚɞɨɜɨɥɚɬ ɫɢɬɟ 
ɩɨɬɪɟɛɢ ɜɨ ɩɨɝɥɟɞ ɧɚ ɦɟɯɚɧɢɱɤɚ ɨɬɩɨɪɧɨɫɬ ɢ ɨɫɬɚɧɚɬɢɬɟ ɫɜɨјɫɬɜɚ ɧɚ ɩɪɫɤɚɧ 
ɛɟɬɨɧ. Ɉɞ ɢɫɤɭɫɬɜɟɧɢ ɩɨɞɚɬɨɰɢ ɡɚ ɦɚɤɫɢɦɚɥɧɚ ɝɨɥɟɦɢɧɚ ɧɚ ɡɪɧɨ ɚɝɪɟɝɚɬɨɬ ɨɞ 
16 mm ɤɨɥɢɱɢɧɚɬɚ ɧɚ ɰɟɦɟɧɬ ɫɟ ɞɜɢɠɢ ɨɞ 350-500 kg. 
 
ȼɨɞɚ 
Ɂɚ ɢɡɪɚɛɨɬɤɚ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɦɨɠɟ ɞɚ ɫɟ ɭɩɨɬɪɟɛɭɜɚ ɜɨɞɚ ɨɞ ɜɨɞɨɜɨɞ ɢ ɫɢɬɟ 
ɩɪɢɪɨɞɧɢ, ɱɢɫɬɢ ɧɟɡɚɝɚɞɟɧɢ ɜɨɞɢ. 
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ɉɨɞɡɟɦɧɢɬɟ ɜɨɞɢ ɦɨɪɚɚɬ ɡɚɞɨɥɠɢɬɟɥɧɨ ɩɪɟɬɯɨɞɧɨ ɞɚ ɫɟ ɢɫɩɢɬɚɚɬ ɩɨɪɚɞɢ 
ɭɬɜɪɞɭɜɚњɟ ɧɚ ɧɢɜɧɢɨɬ ɫɨɫɬɚɜ ɢ ɲɬɟɬɧɢ ɯɟɦɢɫɤɢ ɫɭɩɫɬɚɧɰɢ. 
Ɍɟɠɢɧɫɤɢɨɬ ɨɞɧɨɫ ɧɚ ɰɟɦɟɧɬɨɬ ɢ ɜɨɞɚɬɚ ɫɟ ɜɢɤɚ ɜɨɞɨɰɟɦɟɧɬɟɧ ɮɚɤɬɨɪ. Ɂɚ 




ɉɪɢ ɞɨɛɢɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɦɨɠɚɬ ɞɚ ɫɟ ɭɩɨɬɪɟɛɚɬ ɞɨɩɨɥɧɢɬɟɥɧɢ ɫɪɟɞɫɬɜɚ 
– ɚɞɢɬɢɜɢ ɫɨ ɰɟɥ ɩɨɫɬɢɝɧɭɜɚњɟ ɧɚ ɨɞɪɟɞɟɧɢ ɫɜɨјɫɬɜɚ, ɤɚɤɨ ɧɚ ɩɪɢɦɟɪ ɩɨɛɪɡɨ 
ɜɪɡɭɜɚњɟ ɧɚ ɛɟɬɨɧɨɬ, ɩɨɞɨɛɪɨ ɜɝɪɚɞɭɜɚњɟ ɢ ɩɨɫɬɢɝɧɭɜɚњɟ ɨɞɪɟɞɟɧ ɫɬɟɩɟɧ 
ɜɨɞɨɧɟɩɪɨɩɭɫɧɨɫɬ, ɤɚɤɨ ɢ ɡɚɪɚɞɢ ɡɚɲɬɢɬɚ ɨɞ ɲɬɟɬɧɢ ɜɥɢјɚɧɢјɚ ɨɞ ɩɨɞɡɟɦɧɢ 
ɜɨɞɢ. 
Кɨɪɢɫɬɟњɟɬɨ ɧɚ ɞɨɩɨɥɧɢɬɟɥɧɢ ɫɪɟɞɫɬɜɚ ɬɪɟɛɚ ɞɚ ɫɟ ɜɪɲɢ ɜɪɡ ɨɫɧɨɜɚ ɧɚ 
ɨɞɪɟɞɛɢ ɜɨ ɩɪɨɟɤɬɧɢɬɟ ɪɟɡɭɥɬɚɬɢ ɨɞ ɢɡɜɪɲɟɧɢɬɟ ɢɫɩɢɬɭɜɚњɚ.  
ɇɚјɱɟɫɬɨ ɤɨɪɢɫɬɟɧ ɚɞɢɬɢɜ ɫɟ ɡɚɛɪɡɭɜɚɱɢɬɟ ɧɚ ɩɪɨɰɟɫɨɬ ɧɚ ɜɪɡɭɜɚњɟ ɢ ɢɫɬɢɬɟ 
ɬɪɟɛɚ ɞɚ ɫɟ ɞɨɡɢɪɚɚɬ ɬɚɤɚ ɞɚ ɧɢɜɧɨɬɨ ɞɟјɫɬɜɭɜɚњɟ ɧɟ ɩɨɱɧɟ ɩɪɟɞ ɢɡɥɟɝɭɜɚњɟɬɨ 
ɧɚ ɦɟɲɚɜɢɧɚɬɚ ɧɢɡ ɦɥɚɡɧɢɰɚɬɚ.  
ȼɨ ɬɚɛɟɥɚ 1 ɟ ɞɚɞɟɧɨ ɜɥɢјɚɧɢɟɬɨ ɧɚ ɡɚɛɪɡɭɜɚɱɨɬ ɧɚ ɩɪɨɰɟɫɨɬ ɧɚ ɜɪɡɭɜɚњɟ ɜɪɡ 
јɚɤɨɫɬɚ ɧɚ ɩɪɢɬɢɫɨɤ ɫɨ ɬɟɤ ɧɚ ɜɪɟɦɟ ɜɨ ɡɚɜɢɫɧɨɫɬ ɨɞ ɫɨɞɪɠɢɧɚɬɚ ɧɚ ɚɞɢɬɢɜɨɬ.  
Ɉɞ ɨɜɢɟ ɪɟɡɭɥɬɚɬɢ ɫɟ ɝɥɟɞɚ ɞɟɤɚ ɡɚɛɪɡɭɜɚɱɨɬ ɢɦɚ ɦɧɨɝɭ ɝɨɥɟɦɨ ɜɥɢјɚɧɢɟ ɜɨ 
ɡɝɨɥɟɦɭɜɚњɟ ɧɚ јɚɤɨɫɬɚ ɧɚ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɨɞ ɩɟɬɬɢɨɬ ɞɨ ɲɟɫɧɚɟɫɟɬɢɨɬ ɱɚɫ, 
ɞɨɞɟɤɚ ɩɨɧɚɬɚɦɭ ɚɞɢɬɢɜɨɬ јɚ ɧɚɦɚɥɭɜɚ јɚɤɨɫɬɚ ɧɚ ɩɪɢɬɢɫɨɤ. Ɉɜɚ ɫɜɨјɫɬɜɨ ɧɚ 
ɡɚɛɪɡɭɜɚɱɢɬɟ ɬɪɟɛɚ ɞɚ ɫɟ ɢɦɚ ɩɪɟɞɜɢɞ ɩɪɢ ɩɪɨɟɤɬɢɪɚњɟ ɧɚ ɤɪɚјɧɚɬɚ јɚɤɨɫɬ ɧɚ 
ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ. 
 
Ɍɚɛɟɥɚ 1.  Хɟɦɢɫɤɢ ɫɨɫɬɚɜ ɧɚ ɢɫɩɢɬɭɜɚɧɢɬɟ ɩɪɢɦɟɪɨɰɢ  
ɉɪɨɰɟɧɬ ɧɚ 
ɚɞɢɬɢɜ 













5h 0 5,2 8,7 
16h 0 14,4 16,3 
24h 19 19,1 17,9 
48h 25,4 23,7 20,3 
7 ɞɟɧɚ 43,3 29,9 26,9 
28 ɞɟɧɚ 56,2 46,1 32,4 
 
2.2. Ɍɟɯɧɨɥɨɝɢјɚ ɡɚ ɞɨɛɢɜɚњɟ ɢ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ 
 
ɉɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɦɨɠɟ ɞɚ ɫɟ ɞɨɛɢɟ  ɧɚ ɞɜɚ ɧɚɱɢɧɚ ɢ ɬɨɚ ɫɨ ɫɭɜɚ ɢ ɦɨɤɪɚ 
ɩɨɫɬɚɩɤɚ. 
 
ɋɭɜɚ ɩɨɫɬɚɩɤɚ ɡɚ ɞɨɛɢɜɚњɟ ɢ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ 
ɉɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɫɟ ɧɚɧɟɫɭɜɚ ɫɨ ɫɩɟɰɢјɚɥɧɢ ɦɚɲɢɧɢ ɫɨ ɩɨɦɨɲ ɧɚ ɤɨɦɩɪɢɦɢɪɚɧ 
ɜɨɡɞɭɯ ɞɢɪɟɤɬɧɨ ɧɚ ɩɨɜɪɲɢɧɚɬɚ ɧɚ ɤɚɪɩɚɬɚ ɢɥɢ ɧɚ ɩɨɪɚɧɨ ɢɡɝɪɚɞɟɧɚɬɚ 
ɩɨɞɝɪɚɞɚ ɢɥɢ ɛɟɬɨɧɫɤɚɬɚ ɨɛɥɨɝɚ ɧɚ ɩɨɞɡɟɦɧɢɨɬ ɨɛјɟɤɬ. ɋɭɜɚɬɚ ɦɟɲɚɜɢɧɚ  
(ɜɪɡɧɨ ɫɪɟɞɫɬɜɨ ɢ ɚɝɪɟɝɚɬ) ɫɟ ɩɨɬɬɢɫɧɭɜɚ ɫɨ ɤɨɦɩɪɢɦɢɪɚɧɢɨɬ ɜɨɡɞɭɯ ɧɢɡ ɰɪɟɜɨ 
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ɞɨ ɦɥɚɡɧɢɰɚɬɚ ɤɚɞɟ ɫɟ ɧɚɜɥɚɠɧɭɜɚ ɫɨ ɜɨɞɚ ɫɨ ɩɨɦɨɲ ɧɚ ɞɪɭɝɨ ɰɪɟɜɨ ɢ ɫɟ 
ɧɚɮɪɥɭɜɚ ɧɚ ɩɪɟɬɯɨɞɧɨ ɩɨɞɝɨɬɜɟɧɚɬɚ ɩɨɜɪɲɢɧɚ. 
ɇɚɜɥɚɠɧɟɬɚɬɚ ɫɦɟɫɚ ɬɪɟɛɚ ɞɚ ɢɡɥɟɡɟ ɨɞ ɦɥɚɡɧɢɰɚɬɚ ɫɨ ɛɪɡɢɧɚ ɨɞ 135-170 m/s 
ɢ ɬɚɤɚ ɞɚ ɫɟ ɧɚɮɪɥɭɜɚ ɧɚ ɩɨɜɪɲɢɧɚɬɚ. ɉɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɦɨɠɟ ɞɚ ɫɟ ɧɚɮɪɥɭɜɚ 
ɧɚ ɯɨɪɢɡɨɧɬɚɥɧɢ, ɜɟɪɬɢɤɚɥɧɢ ɢ ɡɚɨɛɥɟɧɢ ɩɨɜɪɲɢɧɢ. 
ɉɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɦɨɠɟ ɞɚ ɫɟ ɧɚɮɪɥɭɜɚ ɜɨ ɟɞɟɧ ɢɥɢ ɜɨ ɩɨɜɟќɟ ɫɥɨɟɜɢ, ɲɬɨ 
ɡɚɜɢɫɢ ɨɞ ɜɤɭɩɧɚɬɚ ɞɟɛɟɥɢɧɚ ɧɚ ɤɨɧɫɬɪɭɤɰɢјɚɬɚ ɢ ɧɚɱɢɧɨɬ ɧɚ ɧɚɮɪɥɭɜɚњɟɬɨ. 
ɉɪɜɨɬɨ ɧɚɮɪɥɭɜɚњɟ ɞɢɪɟɤɬɧɨ ɧɚ ɤɚɪɩɚɬɚ ɬɪɟɛɚ ɞɚ ɛɢɞɟ ɜɨ ɲɬɨ ɩɨɬɟɧɨɤ ɫɥɨј, 
ɧɟ ɩɨɜɟќɟ ɨɞ 1-2cm. 
 
Ɇɨɤɪɚ ɩɨɫɬɚɩɤɚ ɡɚ ɞɨɛɢɜɚњɟ ɢ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ 
ɉɨɬɨɚ ɦɟɲɚɜɢɧɚɬɚ ɫɟ ɬɪɚɧɫɩɨɪɬɢɪɚ ɫɨ ɰɟɜɤɢ ɫɨ ɩɨɦɨɲ ɧɚ ɤɨɦɩɪɢɦɢɪɚɧ ɜɨɡɞɭɯ. 
ɇɚ ɦɥɚɡɧɢɰɚɬɚ ɫɟ ɞɨɞɚɜɚ ɜɨɡɞɭɯ ɩɨɞ ɩɪɢɬɢɫɨɤ ɢ ɧɚ ɬɨј ɧɚɱɢɧ ɦɟɲɚɜɢɧɚɬɚ ɫɟ 
ɢɫɮɪɥɚ ɨɞ ɦɥɚɡɧɢɰɚɬɚ ɫɨ ɝɨɥɟɦɚ ɛɪɡɢɧɚ ɧɚ ɩɨɞɝɨɬɜɟɧɚɬɚ ɩɨɞɥɨɝɚ.  
ɋɨ ɦɨɤɪɚɬɚ ɩɨɫɬɚɩɤɚ ɜɨɞɚɬɚ ɩɨɬɨɱɧɨ ɫɟ ɞɨɡɢɪɚ ɢ ɫɦɟɫɚɬɚ ɟ ɩɨɞɨɛɪɨ ɢɡɦɟɲɚɧɚ 
ɨɬɤɨɥɤɭ ɫɨ “ɫɭɜɚɬɚ“ ɩɨɫɬɚɩɤɚ. ɋɭɜɚɬɚ ɩɨɫɬɚɩɤɚ ɨɜɨɡɦɨɠɭɜɚ ɜɝɪɚɞɭɜɚњɟ ɧɚ 
ɫɦɟɫɚ ɫɨ ɩɨɦɚɥ ɜɨɞɨɰɟɦɟɧɬɟɧ ɮɚɤɬɨɪ, ɩɨɞɨɥɝ ɬɪɚɧɫɩɨɪɬ, ɧɨ ɛɚɪɚ ɩɨɞɨɛɪɚ 
ɨɛɭɱɟɧɨɫɬ ɧɚ ɪɚɛɨɬɧɢɰɢɬɟ. ɂɫɬɨ ɬɚɤɚ ɨɩɪɟɦɚɬɚ ɡɚ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ 
ɩɨ “ɫɭɜɚ“ ɩɨɫɬɚɩɤɚ ɟ ɦɧɨɝɭ ɩɨɦɚɥɚ ɢ ɩɨɤɨɦɩɚɤɬɧɚ. 
 
2.3. Ɍɟɯɧɢɤɢ ɡɚ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ 
 
ɉɨɞɝɨɬɨɜɤɚ ɧɚ ɩɨɜɪɲɢɧɚɬɚ ɡɚ ɧɚɧɟɫɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ 
ɉɪɟɞ ɩɨɱɟɬɨɤɨɬ ɧɚ ɧɚɧɟɫɭɜɚњɟɬɨ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɩɨɜɪɲɢɧɚɬɚ ɧɚ ɤɚɪɩɟɫɬɚɬɚ 
ɦɚɫɚ ɦɨɪɚ ɩɪɟɬɯɨɞɧɨ ɞɚ ɛɢɞɟ ɨɛɪɚɛɨɬɟɧɚ, ɨɞɧɨɫɧɨ ɪɚɡɥɚɛɚɜɟɧɢɬɟ ɩɚɪɱɢњɚ ɞɚ 
ɛɢɞɚɬ ɨɬɫɬɪɚɧɟɬɢ. ɉɨɫɥɟ ɨɜɚ ɤɚɪɩɟɫɬɚɬɚ ɩɨɜɪɲɢɧɚ ɬɪɟɛɚ ɞɚ ɫɟ ɢɫɩɟɪɟ ɫɨ јɚɤ 
ɦɥɚɡ ɨɞ ɜɨɞɚ ɩɨɞ ɩɪɢɬɢɫɨɤ ɨɞ 3-4 at, ɫɨ ɰɟɥ ɞɚ ɫɟ ɨɬɫɬɪɚɧɚɬ ɩɪɚɲɢɧɢɬɟ ɢ 
ɨɪɝɚɧɫɤɢɬɟ ɦɚɬɟɪɢɢ. ɉɨɫɥɟ ɫɨ ɜɨɡɞɯ ɩɨɞ ɩɪɢɬɢɫɨɤ ɞɚ ɫɟ ɢɡɞɭɜɚɚɬ ɢ ɢɫɭɲɚɬ 
ɩɨɜɪɲɢɧɫɤɢɬɟ ɤɚɪɩɢ. 
Аɤɨ ɩɪɢ ɧɚɮɪɥɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɫɟ ɧɚɢɞɟ ɧɚ ɜɥɚɠɧɚ ɩɨɜɪɲɢɧɚ, ɧɚ 
ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɦɭ ɫɟ ɞɨɞɚɜɚ ɩɨɝɨɥɟɦ ɩɪɨɰɟɧɬ ɧɚ ɫɪɟɞɫɬɜɨ ɡɚ ɜɪɡɭɜɚњɟ ɨɞ 
ɧɨɪɦɚɥɧɢɨɬ. Кɚј ɩɨɜɪɲɢɧɚɬɚ ɧɚ ɤɚɪɩɚɬɚ ɧɚ ɤɨјɚ ɫɟ ɩɨјɚɜɭɜɚ ɩɨɝɨɥɟɦɚ ɤɨɥɢɱɢɧɚ 
ɧɚ ɜɨɞɚ (ɤɚɩɤɢ) ɢɥɢ ɬɟɱɟњɟ ɧɚ ɜɨɞɚ ɜɨ ɜɢɞ ɧɚ ɩɨјɚɤɢ ɲɩɪɢɰɟɜɢ, ɬɪɟɛɚ 
ɩɪɟɬɯɨɞɧɨ ɨɜɚɚ ɜɨɞɚ ɫɨ ɨɞɪɟɞɟɧɚ ɩɨɫɬɚɩɤɚ ɞɚ ɫɟ ɨɬɫɬɪɚɧɢ ɢ ɤɨɧɬɪɨɥɢɪɚɧɨ ɞɚ 
ɫɟ ɨɞɜɟɞɟ ɧɚ ɞɪɭɝɚ ɤɚɪɩɚ. ɇɚɱɢɧɨɬ ɧɚ ɩɪɢɮɚќɚɟњɟɬɨ ɢ ɨɬɫɬɪɚɧɭɜɚњɟɬɨ ɧɚ 
ɜɨɞɚɬɚ ɬɪɟɛɚ ɞɚ ɛɢɞɟ ɫɨ ɫɨɨɞɜɟɬɟɧ ɩɪɨɟɤɬ. 
  
ɇɚɧɟɫɭɜɚњɟ ɧɚ ɜɟɪɬɢɤɚɥɧɢ ɩɨɜɪɲɢɧɢ 
ɇɚɧɟɫɭɜɚњɟɬɨ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɬɪɟɛɚ ɞɚ ɫɟ ɩɨɱɧɟ ɨɞ ɞɧɨɬɨ ɧɚ ɜɟɪɬɢɤɚɥɧɚɬɚ 
ɩɨɜɪɲɢɧɚ. Ɇɚɬɟɪɢјɚɥɨɬ ɤɨј ɫɟ ɢɫɮɪɥɭɜɚ ɬɪɟɛɚ ɞɚ ɛɢɞɟ ɜɩɟɪɟɧ ɬɨɱɧɨ ɧɚ 
ɩɨɜɪɲɢɧɚɬɚ ɧɚ ɤɨј ɫɟ ɧɚɮɪɥɭɜɚ ɫɨ ɦɚɥɤɭ ɩɨɞɢɝɧɚɬ ɜɪɜ ɨɞ ɞɢɡɧɚɬɚ. (ɫɥɢɤɚ 1) 
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 ɋɥɢɤɚ 1. ɉɨɫɬɚɩɤɚ ɧɚ ɧɚɮɪɥɭɜɚњɟ ɩɪɫɤɚɧ ɛɟɬɨɧ ɧɚ ɜɟɪɬɢɤɚɥɧɚ ɩɨɜɪɲɢɧɚ 
 
Ⱦɢɡɧɚɬɚ ɦɨɪɚ ɫɟɤɨɝɚɲ ɞɚ ɛɢɞɟ ɩɨɞɢɝɧɚɬɚ, ɬɚɤɚ ɲɬɨ ɦɚɬɟɪɢјɚɥɨɬ ɫɟ ɩɨɬɢɫɤɭɜɚ 
ɧɚɝɨɪɟ. Ⱦɨɤɨɥɤɭ ɞɢɡɧɚɬɚ ɟ ɫɜɪɬɟɧɚ ɧɚɞɨɥɭ, ɦɚɬɟɪɢјɚɥɨɬ ɢɫɬɟɤɭɜɚ ɧɚ ɞɧɨɬɨ ɨɞ 
ɜɟɪɬɢɤɚɥɧɚɬɚ ɩɨɜɪɲɢɧɚ.  
ɇɟ ɟ ɞɨɡɜɨɥɟɧɨ ɧɚɧɟɫɭɜɚњɟ ɧɚ ɧɨɜɢ ɫɥɨɟɜɢ ɧɚ ɩɪɫɤɚɧɢ ɛɟɬɨɧ, ɞɨɤɨɥɤɭ ɫɟɭɲɬɟ 
ɧɟ ɟ ɫɬɜɪɞɧɚɬ ɩɪɟɬɯɨɞɟɧ ɫɥɨј, ɡɨɲɬɨ ɩɪɢ ɬɨɚ ɦɨɠɟ ɞɚ ɧɚɫɬɚɧɟ ɜɢɛɪɢɪɚњɟ ɧɚ 
ɩɪɟɬɯɨɞɧɢɨɬ ɫɥɨј ɢ ɧɟɝɨɜɨ ɨɞɜɨјɭɜɚњɟ ɨɞ ɩɨɜɪɲɢɧɚɬɚ ɧɚ ɤɨјɚ ɟ ɧɚɮɪɥɚɧ. 
ɂɡɜɟɞɭɜɚɱɨɬ ɟ ɞɨɥɠɟɧ ɧɚ ɨɫɧɨɜɚ ɧɚ ɢɡɜɪɲɟɧɢ ɢɫɩɢɬɭɜɚњɚ ɭɬɜɪɞɢ ɜɪɟɦɟ ɧɚ 
ɫɬɜɪɞɧɭɜɚњɟ ɧɚ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɩɨɪɚɞɢ ɭɬɜɪɞɭɜɚњɟ ɧɚ ɦɢɧɢɦɚɥɧɢɨɬ 
ɜɪɟɦɟɧɫɤɢ ɪɨɤ ɡɚ ɧɚɧɟɫɭɜɚњɟ ɨɞɞɟɥɧɢ ɫɥɨɟɜɢ ɩɪɫɤɚɧ ɛɟɬɨɧ. 
 
ɇɚɧɟɫɭɜɚњɟ ɧɚ ɯɨɪɢɡɨɧɬɚɥɧɢ ɩɨɜɪɲɢɧɢ 
ɉɪɢ ɧɚɧɟɫɭɜɚњɟ ɧɚ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɧɚ ɯɨɪɢɡɨɧɬɚɥɧɢɬɟ ɩɨɜɪɲɢɧɢ ɩɪɜɢɨɬ ɫɥɨј 
ɬɪɟɛɚ ɞɚ ɛɢɞɟ ɬɟɧɨɤ, ɧɟ ɩɨɜɟќɟ ɨɞ 1-2 cm. Ⱦɢɡɧɚɬɚ ɬɪɟɛɚ ɞɚ ɫɟ ɞɪɠɢ ɧɟɲɬɨ 
ɩɨɜɢɫɨɤɚ ɜɩɟɪɟɧɚ ɤɨɧ ɜɟќɟ ɧɚɮɪɥɟɧɢɨɬ ɦɚɬɟɪɢјɚɥ ɤɚɤɨ ɛɢ ɫɟ ɫɩɪɟɱɢɥɨ 
ɢɫɮɪɥɭɜɚњɟ ɩɨɝɨɥɟɦɢ ɡɪɧɚ ɩɪɟɞ ɫɥɨјɨɬ ɧɚ ɩɨɜɪɲɢɧɚɬɚ. ɉɪɢ ɧɚɧɟɫɭɜɚњɟ ɬɪɟɛɚ 
ɞɚ ɫɟ ɜɨɞɢ ɫɦɟɬɤɚ ɞɚ ɧɟ ɧɚɫɬɚɧɟ ɨɞɛɢɜɚњɟ ɩɨɝɨɥɟɦɢ ɡɪɧɚ ɨɞ ɦɚɫɚɬɚ ɛɟɬɨɧ 
ɧɚɩɪɟɞ ɢ ɜɨ ɩɪɚɜɟɰɨɬ ɧɚ ɞɜɢɠɟњɟ. ɋɥɨɟɜɢɬɟ ɬɪɟɛɚ ɞɚ ɛɢɞɚɬ ɩɨɞɟɞɧɚɤɜɨ 
ɧɚɮɪɥɟɧɢ ɩɨ ɰɟɥɚɬɚ ɩɨɜɪɲɢɧɚ. (ɫɥɢɤɚ 2) 
 
 ɋɥɢɤɚ 2. ɉɨɫɬɚɩɤɚ ɧɚ ɧɚɧɟɫɭɜɚњɟ ɩɪɫɤɚɧ ɛɟɬɨɧ ɧɚ ɯɨɪɢɡɨɧɬɚɥɧɚ ɩɨɜɪɲɢɧɚ 
 
ɇɚɧɟɫɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɧɚ ɱɟɥɢɱɧɢ ɦɪɟɠɢ ɢɥɢ ɚɪɦɚɬɭɪɢ 
ɉɨɫɬɚɩɤɚɬɚ ɧɚ ɧɚɧɟɫɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɧɚɞ ɱɟɥɢɱɧɚ ɦɪɟɠɚ ɢ ɚɪɦɚɬɭɪɚ ɟ 
ɢɫɬɢ ɤɚɤɨ ɢ ɤɚј ɧɚɧɟɫɭɜɚњɟ ɞɢɪɟɤɬɧɨ ɧɚ ɩɨɜɪɲɢɧɚɬɚ ɧɚ ɤɚɪɩɚɬɚ ɢɥɢ ɨɛɥɨɝɚ. 
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Ɂɚɪɚɞɢ ɩɨɞɨɛɪɨ ɜɪɡɭɜɚњɟ ɩɨɬɪɟɛɧɨ ɟ ɩɪɟɞ ɩɨɫɬɚɜɭɜɚњɟ ɧɚ ɚɪɦɚɬɭɪɚɬɚ ɞɚ ɫɟ 
ɧɚɧɟɫɟ ɩɪɜɢɨɬ ɫɥɨј ɫɨ ɞɟɛɟɥɢɧɚ ɨɞ 1-1,5 cm. Аɪɦɚɬɭɪɚɬɚ ɩɪɟɬɫɬɚɜɭɜɚ ɩɪɟɩɪɟɤɚ 
ɧɚ ɛɟɬɨɧɨɬ ɤɨј ɫɟ ɧɚɧɟɫɭɜɚ, ɡɚɬɨɚ ɚɪɦɚɬɭɪɚɬɚ ɬɪɟɛɚ ɩɨɞ ɩɪɢɬɢɫɨɤ ɞɚ ɫɟ ɧɚɥɟɝɧɟ 
ɜɨ ɩɪɜɢɨɬ ɧɚɧɟɫɟɧ ɫɥɨј ɢ ɞɚ ɫɟ ɩɪɢɰɜɪɫɬɢ ɫɨ ɞɨɞɚɬɧɢ ɜɪɫɤɢ ɡɚ ɤɚɪɩɚɬɚ. ȼɬɨɪɢɨɬ 
ɫɥɨј ɩɪɫɤɚɧ ɛɟɬɨɧ ɦɨɠɟ ɞɚ ɫɟ ɧɚɧɟɫɟ ɩɪɟɤɭ ɚɪɦɚɬɭɪɚɬɚ ɩɨɫɥɟ ɨɞɪɟɞɟɧɨ ɜɪɟɦɟ. 
ɋɟɤɨɝɚɲ ɞɢɡɧɚɬɚ ɬɪɟɛɚ ɞɚ ɫɟ ɞɪɠɢ ɧɨɪɦɚɥɧɨ ɧɚ ɩɨɜɪɲɢɧɚɬɚ ɧɚ ɚɪɦɚɬɭɪɚɬɚ 
ɩɨɪɚɞɢ ɫɩɪɟɱɭɜɚњɟ ɨɞ ɨɬɫɤɨɤɧɭɜɚњɟ ɧɚ ɤɪɭɩɧɢ ɡɪɧɚ. 
 
ɉɨɥɨɠɛɚ ɧɚ ɦɥɚɡɧɢɰɚɬɚ ɜɨ ɨɞɧɨɫ ɧɚ ɩɨɜɪɲɢɧɚ ɧɚ ɤɨјɚ ɫɟ ɧɚɧɟɫɭɜɚ 
ɩɪɫɤɚɧ ɛɟɬɨɧ 
ɉɪɢ ɧɚɧɟɫɭɜɚњɟ ɧɚ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɦɥɚɡɧɢɰɚɬɚ ɬɪɟɛɚ ɞɚ ɫɟ ɞɪɠɢ ɧɨɪɦɚɥɧɨ ɧɚ 
ɩɨɜɪɲɢɧɚɬɚ ɧɚ ɤɨјɚ ɫɟ ɧɚɧɟɫɭɜɚ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ, ɛɢɞɟјќɢ ɧɚ ɨɜɨј ɧɚɱɢɧ ɫɟ 
ɩɨɫɬɢɝɧɭɜɚ ɦɢɧɢɦɚɥɟɧ ɨɞɫɤɨɤ (10-12%). Ɇɚɤɫɢɦɚɥɧɨ ɞɨɡɜɨɥɟɧɨ ɨɬɫɬɚɩɭɜɚњɟ 
ɨɞ ɧɨɪɦɚɥɧɚ ɩɨɥɨɠɛɚ ɦɨɠɟ ɞɚ ɢɡɧɟɫɭɜɚ 12. Ɂɚ ɞɚ ɫɟ ɩɨɫɬɢɝɧɟ ɲɬɨ ɩɨɪɚɦɧɚ 
ɩɨɜɪɲɢɧɚ ɧɚ ɫɥɨјɨɬ ɦɥɚɡɧɢɰɚɬɚ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɬɪɟɛɚ ɡɚ ɜɪɟɦɟ ɧɚ ɪɚɛɨɬɚɬɚ 
ɱɟɫɬɨ ɤɪɭɠɧɨ ɞɚ ɫɟ ɞɜɢɠɢ. (ɫɥɢɤɚ 3). 
 ɋɥɢɤɚ 3. ɉɨɥɨɠɛɚ ɧɚ ɦɥɚɡɧɢɰɚɬɚ ɜɨ ɨɞɧɨɫ ɧɚ ɩɨɜɪɲɢɧɚ 
ɧɚ ɤɨјɚ ɫɟ ɧɚɧɟɫɭɜɚ ɩɪɫɤɚɧ ɛɟɬɨɧ 
 
Ɋɚɫɬɨјɚɧɢɟ ɧɚ ɦɥɚɡɧɢɰɚ 
ɉɪɢ ɧɚɮɪɥɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɦɥɚɡɧɢɰɚɬɚ ɬɪɟɛɚ ɞɚ ɫɟ ɞɪɠɢ ɧɚ ɪɚɫɬɨјɚɧɢɟ 
ɨɞ 80-120 cm ɨɞ ɩɨɜɪɲɢɧɚɬɚ ɧɚ ɤɨјɚ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɫɟ ɧɚɧɟɫɭɜɚ. ȼɨ ɡɚɜɢɫɧɨɫɬ 
ɨɞ ɪɚɫɬɨјɚɧɢɟɬɨ ɫɟ ɡɝɨɥɟɦɭɜɚ ɨɬɫɤɨɤɨɬ ɧɚ ɦɚɬɟɪɢјɚɥɨɬ (ɫɥɢɤɚ 4). 
 
 ɋɥɢɤɚ 4. Ɋɚɫɬɨјɚɧɢɟ ɧɚ ɦɥɚɡɧɢɰɚɬɚ ɞɨ ɩɨɜɪɲɢɧɚɬɚ 




 ɋɥɢɤɚ 5. ɉɨɥɨɠɛɚ ɧɚ ɦɥɚɡɧɢɰɚɬɚ ɢ ɚɝɨɥ ɧɚ ɧɚɧɟɫɭɜɚњɟ 
 
Ɋɟɝɭɥɢɪɚњɟ ɧɚ ɜɨɞɚɬɚ ɜɨ ɦɥɚɡɧɢɰɚɬɚ 
ɉɪɟɞ ɩɨɱɟɬɨɤɨɬ ɧɚ ɪɚɛɨɬɚɬɚ ɡɚ ɧɚɧɟɫɭɜɚњɟ ɧɚ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ, ɨɞɧɨɫɧɨ ɩɪɟɞ 
ɩɪɨɞɨɥɠɭɜɚњɟ ɧɚ ɪɚɛɨɬɚɬɚ ɩɨɫɥɟ ɩɪɟɤɢɧɨɬ ɦɨɪɚ ɩɪɟɬɯɨɞɧɨ ɞɚ ɫɟ ɪɟɝɭɥɢɪɚ 
ɞɨɞɚɜɚњɟɬɨ ɧɚ ɜɨɞɚ ɜɨ ɦɥɚɡɧɢɰɚɬɚ. Кɨɥɱɢɧɚɬɚ ɧɚ ɜɨɞɚ ɡɚ ɧɚɧɟɫɭɜɚњɟ ɧɚ 
ɩɪɫɤɚɧ ɛɟɬɨɧ ɫɟ ɨɞɪɟɞɭɜɚ ɫɩɨɪɟɞ ɡɚɞɪɠɭɜɚњɟɬɨ ɧɚ ɧɚɧɟɫɟɧɚɬɚ ɫɦɟɫɚ ɧɚ 
ɩɨɜɪɲɢɧɚɬɚ. ɉɪɢ ɬɨɚ ɬɪɟɛɚ ɞɚ ɫɟ ɜɨɞɢ ɫɦɟɬɤɚ ɡɚ ɮɚɤɬɨɬ ɞɟɤɚ ɰɜɪɫɬɢɧɚɬɚ ɧɚ 
ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɡɚɜɢɫɢ ɨɞ ɜɨɞɨɰɟɦɟɧɬɧɢɨɬ ɮɚɤɬɨɪ. 
Ɉɫɜɟɧ ɫɨ ɥɚɛɨɪɚɬɨɪɫɤɢɬɟ ɢɫɩɢɬɭɜɚњɚ ɧɚ ɫɜɨјɫɬɜɚɬɚ ɧɚ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ 
ɤɨɥɢɱɢɧɚɬɚ ɧɚ ɜɨɞɚ ɫɟ ɤɨɧɬɪɨɥɢɪɚ ɜɢɡɭɟɥɧɨ ɧɚ ɫɥɟɞɧɢɨɬ ɧɚɱɢɧ: 
- Аɤɨ ɦɟɲɚɜɢɧɚɬɚ ɟ ɩɪɨɩɢɫɧɨ ɧɚɦɨɤɪɟɧɚ, ɧɚɧɟɫɟɧɢɨɬ ɫɥɨј ɢɦɚ 
ɤɚɪɚɤɬɟɪɢɫɬɢɱɟɧ ɦɪɫɟɧ ɫјɚј; 
- Аɤɨ ɜɨ ɦɟɲɚɜɢɧɚɬɚ ɧɟɦɚ ɞɨɜɨɥɧɨ ɜɨɞɚ ɧɚ ɧɚɮɪɥɟɧɢɨɬ ɫɥɨј ɫɟ ɝɥɟɞɚɚɬ 
ɫɭɜɢ ɮɥɟɤɢ; 
- ȼɨ ɫɥɭɱɚј ɤɨɝɚ ɜɨ ɦɟɲɚɜɢɧɚɬɚ ɢɦɚ ɩɨɜɟќɟ ɜɨɞɚ ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɬɟɱɟ. 
 
 
3. ɈɉɊȿɆȺ ɁȺ ȼȽɊȺȾɍȼȺЊȿ ɇȺ ɉɊɋɄȺɇ ȻȿɌɈɇ 
 
ɉɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɩɪɜ ɩɚɬ ɛɢɥ ɩɪɢɦɟɧɟɬ ɜɨ 1907 ɝɨɞɢɧɚ ɨɞ Carl Akeley ɡɚ 
ɩɨɩɪɚɜɤɚ ɮɚɫɚɞɚɬɚ ɧɚ ɦɭɡɟјɨɬ ɜɨ ɑɢɤɚɝɨ. ȼɨ 1911 ɝɨɞɢɧɚ ɬɨј ɝɢ ɩɚɬɟɧɬɢɪɚɥ 
ɫɜɨɢɬɟ ɩɪɨɧɚјɞɨɰɢ: ɫɨɡɞɚɞɟɧɢɨɬ ɦɚɬɟɪɢјɚɥ ɢ ɨɩɪɟɦɚɬɚ ɤɨјɚ јɚ ɤɨɪɢɫɬɟɥ, ɩɢɲɬɨɥ 
ɡɚ ɰɟɦɟɧɬ.  
ɉɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɜɨ 1912 ɝɨɞɢɧɚ ɛɢɥ ɩɪɢɦɟɧɟɬ ɜɨ ɉɟɧɫɢɥɜɚɧɢјɚ, ɚ ɩɨɫɥɟ 
ɩɪɜɚɬɚ ɫɜɟɬɫɤɚ ɜɨјɧɚ ɫɟ ɩɨјɚɜɭɜɚ ɢ ɜɨ Ƚɟɪɦɚɧɢјɚ ɩɨɞ ɢɦɟɬɨ "Ɍɨɪɤɪɟɬ". ɇɚɡɢɜɢɬɟ 
ɧɚɫɬɚɧɭɜɚɥɟ ɫɩɨɪɟɞ ɢɦɢњɚɬɚ ɧɚ ɮɢɪɦɢɬɟ ɤɨɢ ɝɢ ɩɪɨɢɡɜɟɞɭɜɚɥɟ ɦɚɲɢɧɢɬɟ ɡɚ 
ɧɟɝɨɜɨ ɜɝɪɚɞɭɜɚњɟ. ɉɨɞɨɰɧɚ ɫɟ ɩɨјɚɜɭɜɚɚɬ ɢ ɞɪɭɝɢ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɧɚ ɨɩɪɟɦɚ, 
ɩɚ ɫɟ ɜɨɜɟɞɟɧɢ ɢ ɧɨɜɢ ɧɚɡɢɜɢ: "shotcrete" ɡɚ ɚɧɝɥɢɫɤɨɬɨ, "spritz - beton" ɡɚ 
ɝɟɪɦɚɧɫɤɨɬɨ  ɢ  "beton projete" ɡɚ ɮɪɚɧɰɭɫɤɨɬɨ ɝɨɜɨɪɧɨ ɩɨɞɪɚɱјɟ. 
Ⱦɨ 1950 ɫɟ ɩɪɢɦɟɧɭɜɚɥɚ ɫɚɦɨ ɫɭɜɚɬɚ ɩɨɫɬɚɩɤɚ, ɡɚ ɩɨɞɨɰɧɚ ɞɚ ɛɢɞɟ ɩɪɢɦɟɧɟɬɚ 
ɢ ɦɨɤɪɚɬɚ ɩɨɫɬɚɩɤɚ ɡɚ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ. 
ɇɚ ɫɜɟɬɫɤɨ ɧɢɜɨ ɩɨɫɬɨјɚɬ ɩɨɜɟќɟ ɮɢɪɦɢ ɡɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɚ ɨɩɪɟɦɚ ɡɚ 
ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ ɛɟɬɨɧ ɤɚɤɨ ɲɬɨ ɫɟ: Atlas Copco (ɦɚɲɢɧɢɬɟ ɡɚ ɩɪɫɤɚɧ 
ɛɟɬɨɧ ɫɟ ɨɞ ɬɢɩɬ MEYCO) ɨɞ ɒɜɟɬɫɤɚ, REED ɨɞ Кɚɥɢɮɨɪɧɢјɚ ɫɨ ɫɜɨɢ 
ɩɨɞɪɭɠɧɢɰɢ ɜɨ ɩɨɜɟќɟ ɡɟɦјɢ, Sika ɨɞ ɒɜɚјɰɚɪɢјɚ, ɢɫɬɨ ɬɚɤɚ ɢɦɚ ɩɨɜɟќɟ 
ɩɨɞɪɭɠɧɢɰɢ ɲɢɪɭɦ ɫɜɟɬɨɬ, Henan Oriental Machinery Co., Ltd. ɨɞ Кɢɧɚ ɢ ɦɧɨɝɭ 
ɞɪɭɝɢ. 
ɇɚ ɧɚɪɟɞɧɚɬ ɫɥɢɤɚ ɟ ɞɚɞɟɧɚ ɯɪɨɧɨɥɨɝɢјɚ ɧɚ ɬɢɩɨɜɢɬɟ ɦɚɲɢɧɢɬɟ ɡɚ ɩɪɫɤɚɧ 
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Ɉɞ ɩɪɟɬɯɨɞɧɨ ɢɡɧɟɫɟɧɨɬɨ ɦɨɠɟ ɞɚ ɫɟ ɡɚɤɥɭɱɢ ɞɟɤɚ ɡɚ ɭɫɩɟɲɧɨ ɜɝɪɚɞɭɜɚњɟ ɧɚ 
ɩɪɫɤɚɧɢɨɬ ɛɟɬɨɧ ɩɪɟɫɭɞɧɢ ɫɟ ɩɨɜɟќɟ ɮɚɤɬɨɪɢ ɢ ɬɨɚ: 
 ɉɨɫɬɚɩɤɚɬɚ ɡɚ ɜɝɪɚɞɭɜɚњɟ ɤɨјɚ ќɟ ɫɟ ɩɪɢɦɟɧɢ; 
 Ɍɟɯɧɢɤɢɬɟ ɤɨɢ ɫɟ ɤɨɪɢɫɬɚɬ ɢ ɤɨɢ ɨɜɨɡɦɨɠɭɜɚɚɬ ɩɨɞɞɨɛɚɪ ɤɜɚɥɢɬɟɬ ɧɚ 
ɜɝɪɚɞɟɧɢɨɬ ɛɟɬɨɧ; 
 Ɉɩɪɟɦɚɬɚ ɫɨ ɤɨјɚ ɫɟ ɜɪɲɢ ɜɝɪɚɞɭɜɚњɟɬɨ. 
Ɉɞ ɩɪɚɤɬɢɱɧɢ ɢɫɤɭɫɬɜɚ ɦɨɠɟ ɞɚ ɫɟ ɡɚɤɥɭɱɢ ɞɟɤɚ ɦɨɤɪɚɬɚ ɩɨɫɬɚɩɤɚ ɢɦɚ ɧɢɡɚ 
ɩɪɟɞɧɨɫɬɢ ɜɨ ɨɞɧɨɫ ɧɚ ɫɭɜɚɬɚ ɩɨɫɬɚɩɤɚ. Кɚј ɦɨɤɪɚɬɚ ɩɨɫɬɚɩɤɚ ɜɨɞɚɬɚ ɩɨɬɨɱɧɨ 
ɫɟ ɞɨɡɢɪɚ, ɫɦɟɫɚɬɚ ɟ ɩɨɞɨɛɪɨ ɢɡɦɟɲɚɧɚ ɢ ɨɬɫɤɨɤɨɬ ɧɚ ɧɚɧɟɫɟɧɢɨɬ ɛɟɬɨɬ ɟ 
ɩɨɦɚɥ. Ⱦɨɞɟɤɚ ɫɭɜɚɬɚ ɩɨɫɬɚɩɤɚ ɨɜɨɡɦɨɠɭɜɚ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɫɦɟɫɚ ɫɨ ɩɨɦɚɥ 
ɜɨɞɨɰɟɦɟɧɬɟɧ ɮɚɤɬɨɪ, ɩɨɞɨɥɝ ɬɪɚɧɫɩɨɪɬ, ɚ ɨɩɪɟɦɚɬɚ ɡɚ ɜɝɪɚɞɭɜɚњɟ ɧɚ ɩɪɫɤɚɧ 
ɛɟɬɨɧ ɩɨ “ɫɭɜɚ“ ɩɨɫɬɚɩɤɚ ɟ ɦɧɨɝɭ ɩɨɦɚɥɚ ɢ ɩɨɤɨɦɩɚɤɬɧɚ, ɧɨ ɨɜɚɚ ɩɨɫɬɚɩɤɚ ɛɚɪɚ 
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